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TORSION TESTS 03’24S-T ALUMINUM-ALLOY

NONCIRCULARBAR AND TUBING ____

By E. L. Moore and D. A. Paul!’. ... . ,. -... -...—.— —
., SUMMARY

Tests of 24S-T aluminumalloy have been made to de-
termine the yield and ultimate strengthsin toreion of
nonciraularbar’and tubing. An approximatebasis for ‘-~

. predictingthese torsionalstrengthcharacteristicshas ““-
* been indicated. The results show that the t-orsfonal

,stiffnessand maximum shearingstresseswithin the-elastic
“ range may be computed.quiteclosely by in’cansOY existing. formulasbased “onmathematicalanalysisan? the mefibrane.
analogy.
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INTRODtiCTION’” “
.,--
=.

.—----

Torque-resistingmembers of noncircularsectionare -
frequentlyus.ed..inaircraft constructionalthought-here‘- ~’-.~:””.=”

:—
..
are apparentlyfew.ex.perimental‘data“onwhich to base .+ .-
the design. The formulasthqthave been dev~l-opedf= . __ *- ~

computingtorsional stiffnessand shearing‘str6sseswith~.n
.i

the elastic range are based upon~mathematica~arialysisor
.-

the membrane analogy and hatieha~ only a lim-it’ed””e-xp-e’ri-’”‘--‘“-”-—
mental verification. .,Littleappgars”tobe k“nownabou”t”-”‘= ‘“”:
first yielding and the u-ltirnatetorstonalstrengthsof :-
noncircularsections,ofdu,ctilematerials. This‘lackof-
‘informationseems rathe”r”significantin-view--off%S”numer-

....—...... ......

ous tests thathave been made to deterdinethe torsional -
strengthof round tubing and the emphasisplaced on Sucih
data in design. ($eq”fig. 5-’7of refqr~nceXC) .__.l______,_..=:.-.-.-—

b

In long members of.open sectiopthat ha= littl~-~or- .“..
‘sional stiffness,,computed.behav’iorwithin”the el@stics range is proba~ly,a.more importantfa:ct’or”in d“ekignin
most ca8e8 than yield or ultimate torsional Streng~hS= ‘“ ““” - .._

In short lengths of more compact.solid sections-;h~wevert
such as may he used for fittings or brackets,yield“and — _._.

ultimate strengthsin torsionmay be more significant.
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Requestsfor informationon thisphase of the torsion
problem have led to an experimentalinvestigationof the
strengthcharacteristicsOf a number .ofdifferentnon-
circul.arsections. This reportpresents the reeultw ob-
tained from tests of rectangularbar and sectionsof
square,rectangular~and streamlinetubing.

The objectsof this investigationwere (1) to deter-
mine the yield and ultimate stre”ng.ths“in”torsionof sev-
eral noncircularsectionsof 24S-T aluminum-alloybar and
tubingand (2) to compare the measured-torsionalstiffness
and ehearing.stress”esin the elas”ticrange with values
computedby existingformulasfor noticircularsections.

‘

SPECIMENS
“-

Tor.stintests were made of the following24s-T
aluminum-alloysectionshaving n“ominaldimensionsas
given: Bar, 3/8 by lb inches;bar, 3/4 by l+ inches;bar,

*

‘3/4 by 3/4 inch; square tubing, l+ by ‘l~ by l/8 inch;‘rec-
tangulartubing (T-568),l+ b~ 5/8 b~ 0.065 inch; stream-
line tubing (T-158),33 by llG _by”0.06.5.inch. A supple-
mentary test was also riadeof a r:oundspecimen0.’739-inch “-”
in diameter.turn”edfrom the 3/4- by 3/4-inch squarebar.

Table I summarizesthe mechanicalpropertiesof the
materialused. All tensilevalues are considerablyhigher

.—

than specifiedminimum values for”24S-T bar and tubing.
(See table 21 of reference2,) Although~he tensile yield
strengthsrange from about 4000 to 10,000pounds-per
squareinch higher than t-’hecompressive”yield et~engtihe~
the compressivestrengths,with one except+on~are also
higher’than the specified”tensile-yieldvalues.

..
—

Estimatedvalues”of shearing”yield“andultirna~
strengthsare includ’ed,f.ntable I because of their signif-
icance in the presentiinvestigat~,~n.shearingyield
strengthswer6 as”sumedto be equkl to,one-half”the tensiie
yield”Strengths;a ratio based upon the results of te~sLon
“and torsion-sheartests of 24$-T round tubinghaving ten-
sile pr”ope”rtiescomp-ar”ableto tho@e.give~.ig..itible1. .The.
factor of 0;65’a~p~ied’tothe”tiegsflestrengthsto obtain
ultimate shear Stiengths”isalso bas”edon the results of
previous tests. ,“

k..

=“

. .. . . . .

.. .. -., . . . . .
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PROCEDURE

The torsion tests were made in an Arnslermachine
having ranges of capacity of240, 40G; 800, and 1200 foot-
pounds. The specimensof rectangularbar *ere,all2-4-
inches lo”ngtid provided”aclear length of 16 inchesbe-
tween grips. Two lengths of each tule sectionwere tested:
one 20 inches.,longsprovidinga clear length of.12 inches; ‘“- “
the other 44 inches long,providinga clear length of 36
inches. All .tipecimenswere held in’the torsionmachineby
the flat or V-gripsprovid%$. The ends of the tubes w-ere
reinforcedwith zinc plugs about 4 in-cheslong“thatwere
precast in molds of the tube sections. in the case of the
streamlinetubeq, steel plates, machined on one side to
fit the contour of the tubing,were inserted%etween the __
specinensand the flat gripe of the torsionmachine as
shown in figure 1. ..—

Diagonaltensileand compressivestrainswere rheas-
ured by HuggenbergerTen-someterson l/2-irichgage lengths,
making an angle of 45° with the axis of twist. Ths 10-CEi-
tions of these gage lines are Shbwn in figures2“to 7, On
all but the streamlinetube, Tensometerswer-e”-mo-un-tedon

L.-

parallelgage lines on ogpos.itesides of the specimens;one
instrumentshowed tension,the other compressivestrain.

.—- -.
In most cases, both ty~esof strainwere measured on each
side at the point of assumedmaximum stress.

The stressescorrespondingto the rne~sureddi&gonal
tensileand compressivestrainswere obtainedby the
relationship

where

Gx diagonaltensile or coapres,sivestress,pounds per “
square inch

E modulus of elasticityin tension or “compression
assumed to be 10,500,000pounds per square inch

IJJ Poisson!sratio, assumed to be 1/3

Cx. tensile or compressivestrain on one diagonalgage
line, inch per inch “ ,.

and
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CY strain on other diagonalga-geline, inch per inch

Since the measured strainsin the two directionswere ap-
proximatelyequal but oppositein sign, astate of essen-
tiallypure shearwas shown to exist and the“shearstrGss-
es on sectionsnormal to the axis of twist could be assumed
equal in magnitudeto.the diagon=ltensionsand compressions.

Angles of twist were measuredby A.mslertroptometers,
eensitiveto about O.1O. Gage lengthsof 10 incheswere
used’for the rectangularbars and gage lengths of 8 and 32
incheswere used for the tubing.

RESULTS AND DISCUSSION

Figures 2 to 7’summarizethe principalresultsof the
twist and shear-stressmeasuremen”fimade on each section.
Comparisonsbetweenmeasured and comyut-edbehaviQrwi>hin
t-heelastic“rangeare indicatedffithese figuresas W1311

as i.ntable II. Since the torque~twistrelationshipsfound
for the twolengths of each tube sectiont=ted ~e’ye“Gs.s@n-
tially the same,data for only the larger.spee.i~en...aroshown.

. .

With the excep”ti,.onof the twist found for the,3/8-by
Ii-inchrectangtilarbar, the ob.ee>ti”edbehavio”rof the rec-
tangularsectionsshown in figures2 to 4 was almost.the
same as that computed. An~les”.of:twistand maximum shearing
stresseswere computedby the followingformulas.(-reference
3), based on the solutionof Saint Venant:

I’ortwist,

where

T

b

c

G

and

P

e= T :.

fl,bc?G

twist, radiansper inch

torque,pound-fnches I

long-side, inches ., .-

short side, inches: “ ‘
. .

modulus of elasticityin shear,assumed t“obe 3,900,000
pounds per square inch ...

factor dependingupon ratio “b/c

.@

-+

—

#

h– ““--

—
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*

For the cases consideredher-e,
~ = 0.229 for

$ = 0.1.41for “b/c= 1,
3/c = 2, and ~ = 0.281 for b/c = 4.

E’ormaximum shear stressat the center of the long

. .
where Tmax is the

7s uare inch and a
,bc. For the c“ases
b/c = 1, a = 0.246
b/c = 4.

T T
max = .—.

abc=
(2)

maximum shear stress in pounds per
is a factor dependingupon the ratio
considered“here, a = 0.208 for
for b/’c= 2, and a = 0.282 for

It is evidentfrom a considerationof the membrane
P- “analogy that th-edistributionof shear stressacross the

wide face of a narrow rectangularsection should.be uni-
form over the’greaterpart of the w’idth. The measured

+ diagonaltensileand compressive,stressestabulatedin
fi~ure 2, which give a measure of the she-aringstre-s~es
developedon eectionsnormal to the axis ‘of”twist, Sh”ow
that such a behaviorwas approachedquite closely in the
3/8- by 1$-inch bar. Although approximatelythe same
values of maximum stresswere found oa the 3/4- by 1$-
inch bar; as shown in figure 3, the decrease in stresses
toward,theedges was more pronouncedin the thicker”SeC-
tion. The’measurementof strains on a l/2-,inchgage
lengt’~,,6$ course, limited the degree to which the stress

distributioncould -bedetermined:,particularlyacro”ssthe
shortersides. Such values as were observedindicatedthe..
maximum stresseson th”e,s~ort sides to be about 70 percent
of those on the long sides.

The agreementb’&tw6enmeasuTe”dand computedrotations
for the tubingw-asnot quite,so satisfactoryasfor the
rectangularsectionsalthoughthe maximum differences,.as
indicatedin table 11, did not exceed about,-7percent.
Computedtwists were determinedby ‘the?o~lowi?gformulas
(reference3), basedon themembrarieanalogy:’“ ‘

. .
,, ,.

where

9 = TPO

‘4A=.Gt.
-(3)

.,. —

—

—

P mean perimeter of cross section,..inches ....<
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.,.
A area enclosed“bymean perime”ter$square Inches

and . . ..

t wall”thiclrness,inches
..

TJIeshearings-tressesin thin-walltubes”-aregeneral-
ly assumed to be uniformlydistributedover the cross-
sectionalarea and are given by t-hefollowingformula,
also based on the membraneanalog’y:

T
T=-——

2A%
(4)

where T is the mean shear stress ig pounds per squa~e
inch and the other terms are definedas fourequation(3).

It will be noted from figures 5 and 6 that-the d:lag-
onal tensileand compressivestressesmeasured in the
sqtiareand t-herectangulartubes were not altogethercon-
sistentwith the distributionof shear stressassumedal-
though,as indicatedby a comparisonof measuredand com-
pu+et torque-twistcurves, the influenceof thfs varintion
upon over-allbehaviorwas not significant. .The”measured
stressesat.the edges were from about-5 to 9 percent”less
than found at the center of the sidesand those measured
at t-hecenter of the short sides of the rectangulartube
were about 18 percent leSS than found at the correspond~n~
locationin the long side-e.Corner effects,which aro
neglectqdin equation(4), may conceivablyaccount.for.
vqri.ationsof the magnitude.observed. The-maximum.differ”-
ence-in measured stress“foundfor L4..det.e_rminatio”nsme.de
over the surf-aceof the streamlinetubewas 1200 poundm
per gquare inch.or about 8 percent of the highest.value.

Probably of more significanceiS the fact that the
maximum shear”ingstressesindicatedwere considerably
higher tkau the,,mean”shearstress’compute”dby equat-ion(4).
The differencesin the case of..thesquare and rectangtilar
tubes were about 25 percent an& that -inthe case of the
streamlinetube abouti10 percent. Previoustests have in-
dicatedthat an appreciablediftirencemaY exist between
the mean and the surface stressesin noncirculartubes
(reference4). Theoretical--investigations(reference5)
have since shown that these‘differencesi.nstiessmay be
computedby the followingm.odtfiedform of equation(4):

.

a

. .-,.. .’ ....-.-. :.“’ .- ..”:“-
—
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b

● .

.

‘,=:;[’”’4”-.91s.“---.:.,, (5)

where ‘r iS the shear stressat the inner or outer sur-
face in pounds per square inch, and R i’s the radius of
curvatureof the mean perimeterat the point considered.
Figures 5 to 7 show a fairly“goodagreementBetween the
measured stresses and”those computedfor t-heouts-ide’‘~ur-
faces by,equa,tion(5). , ,.

Although considerable.empbasisis placed upon firs!
yielding or permanent set in the design of aircraft struc-
tural members, no ‘generallyaccepteci.basisfor evaluating
yield characteristicshas ever been established. Table —

III summarizesthe torques correspondingto what ?Ppears
to be first yielding,as indicated%y the torque-twist
curves in figures2 to 7, and gives the corre.spon-dingCOrn-
puted maximum shearingstressee. The computedmaximum
shearingstreeseeare all less than-th-ee“e%imatedshear--

.-.

ing yield strengthsgiven in table I and in most cases are
wit~in the range in which first yield~w in shear. v.ould~e
e,xpectedfrom a considerationof the elastiopropertiesof
the.mat.er-iais:,It ig of itiferestto note-that-firs-tyield-
ing in the “squaretube was not apparentas early as .inthe
rectangulartube, despite the fact that the stress concen-
trationsat”the sharp.corners in the square tube yere pre-
sumablymuch higher. Accordingto equation(5), the‘out-
side stressesin the flat sides of the rectangular.tubes
were higher”than at the inside at the corners- Likewise,
the outside stressesin the flattestportion of the stream-
line tu%es were computedto be higher than those~in~ideat
the sectioneof sharper curvature. ..

-,

The moduli of failure in table III are given as a
measure of,the ultimatetorsions+ strengthof the sections
tested. These values of itresswere obta-ine-d.by.substitut-
ing ultimate torquee in the formulasfor etresspreviously
referredto and which~ of coursesare strictlyapplicable
only,Within the elastic range. The stressgiven for the
solid round bkr’(iacluaedas An”8uxi>iarYtest‘for‘c-OmPa~-
ative purpos:es)$s-*tiepxt”remefiber stressjcomputedby”
the ordinarytoreio’nformula for circular”se~ions. , ... -.,. ..,.. .. .,-.–7:r.. .. ..

The m.o~uliof”fai.lur”ecomputedfor *he .~olidse~t’ions
rah”gedfrom about 1.2’~0’2;.4times t“heestima~edshear”.“
strengthsof the materialgiven .intable I“’.,.It Wil~ib@”:.
appreciatedfrom the large dqfor~ationsshown at failure
in”figure 8,,that this apparentdiff”erenc’ein”et”fen~thsmay -“-,. ... -.., .... , i.:
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be attributedmainly:to-~”he-factthat-thedistributionof
stressactuallyobtained“a”t‘failuretiasquite different
from that assumed,not only froma considerationof shear
bu-talso- so far as .gecondarystress.effectsresultingfrom
large angles of twidt wer”econcerned.

. . .,.’
It has been concludedfromprevious torsion tests

that the shear stressdistributionproduced in round bars
of ductilematerial IIIU8t be very nearlyuniform at the
time of failure. It seems reasonableto believethatia
similar stressdi”st~ibutionwas also approachedin these
tests of rectangularba”rs.Table IV showshow closely,the
observedulhimatetorquesmay be computed.usigg--theeat5--
mated values”of shear strengthgi”venin table 1 and assum-
ing a uniform distribution. The fact that the actual
torquesobtainedfor the sectionswhich failed by shear
ranged‘from.82to 88 percent of the comp”ute.dvalues indi-
cates that uniform stressconditions–werenot quite r.eal- 4.
iz.ed,The fairly constantrelationshipfound,,ho~ever, is
bel$evedto provide a more practicalbasis for.pyediciting
ultimate torsionalstrengthsfor rectangularbars thaa may

d

be obtainedfrom a cofisitierationof the rarigeQf moduli of
failuregiven in table 111. Some differenceIn ratios of
actual to predictedul?imate torqueswould be ex@ectedin
materialshaving appreciablymore or less”du-ctilitythan
the 24S-T alloy considered,althoughuntil more data nre
available,aratioof.O.85 seems reasonable.

The procedurefollowed,in computingultimate torques
for rectangular”sectionson the.basis-ofa.uniformstress
di,st~ibutionwas simply to divide-the cross,sectioninto
four triangularareas by diagonalsacrosq the.cornersand
to compute the total sh”earforce dev&loped”on each. qhe
resistingmomentof the sectton was assumed to be.equa~to
the sum of the mornents.ofthese four shearing“forces;act-

~ ing~t”$he.centersof gravity of the cor.responding.trian-
.gularareas. ‘ ?

,. ,’,, >,,..... ..,,,. ,, . .
The moduli”offailure ~hown in.”tqble$11 for th~ tub-

ing specimenstwere-.~omptited’”byequat30n:(4)~which assumes
a“uniform:distr~but’$onof:sh~ar st’res”s.: l?onp~oftheso A
moduli,of,failurevalues eq~aled $he e~$~wattidshear
strengthsof the material given in table I, althought’~e
percentage of this value developedin the squaretubetl ●

(83 percent]was about the same as fou~d in the case c)f m
the solid sections,

.

Figure 9 shows the type”.offailure obt,ainedin the
tubing specimens. The tiectangulartubes failed by butikling
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of th,?tube walls at average stressesequal approximat~ly
to the “estimatedyield strengthof the material in shear,
which correspondsclosely to“tti8strengthcomputedfrom a
considerationof the shear-bucklingresistanceof t-helong
sides, treatedas flat-sheetpanels with simply supported
edges. (See table 17 of refeience6.)_ The modtiliof fail-
ure for the streamlinetubes; which also failed by buckling,
were ih fairagreement with‘thetorsionalstrengthcomputed
for a circumscribedcirculartube having the same length
and thickness,a computationprocedure suggestedby the re-
sults of tests of cylindersof elliptic section (reference
7). Additionaltests are required,of course, to,establish
the general validity of this method for streamline,tubes.. . -.. . ., ..

It will be noted fro,mtable III that t’he,..ieqgth”s‘of:
tubing tested had no significantinfluenceupon.the torsion- .
al strengthsobtained.

. .
.,- ,. . . — .-

CONCLUSIONS
.. .

The followingconclusionsare based upon the results
of the torsio”ntests of 24s-T aluminum-alloybar and tubing -
describedin the present report:

“ 1..Within the elasticrange, tor~ion~lstiff%e–ssand
maximum shearingstressesmay be predicted quite closely
in solid rectangularsectionsand in square,rectangular,
and streamlinetubing by means of ex”istingformulasBased
upon mathematicalanalysis.andthe membraneanalogy.’

2. In sectionsof the type investigated,the limit of
the elastic range or the point of first yielding in torsion
may be expectedat shearingstressesSomewhat.16ss-than the
shearingyield strengthof the material based upon a 0.24
percent-offsetcriterion. As far as could.bedetermined
from the over-alltorque-twistcharacteristicsobservedi.fi‘“”--
these tests, yielding occurredno earlier in the square
tubes with sharp corners than in the rectangulartubes
with round corners,

3, The stressesdevelopedin the outeide surfaceof
noncirculartubes may be appreciablygreater (about25 per-
cent in these tests) than the me~n value ‘whichis gener&lly
computedby the equationfor the shearing stressesin thin-
wall tubes. The stressesmeasured in these tests were in
good agreementwith those comput,ed%y the less familiar
equationfor the shear stressat the inner or outer surface.
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4. The values of modulus‘offailure computedfor t-he
solid bars Yy substitutingultimate torquesin the stress
formulasfor elasticaction were found t“orange from 1,2
t-o-+.4timesthe estimatedultimat-eshear strengthsof
the material. An approximateultimate-strengthcrite~ion
“for24s-T!-barscan apparentlybe-basedon.the fact that
the torques producingfailure in all the solid“sections
averagedabout 85 perc~nt of those computed,a“ssumi.nga
uniform distribut-ionof shear stressat failure-equalto
the estimhtedshear strengthof the material.

5. The values of modulus of failurecomputedby the
equationfor the mean shear stress for the squaretubes~
which were the only specimensin this group to fail by
f~acture,were also about 85 perc”entof–the estimated
shear strengths.

6: The values of modulus of failurecomputedfor the
rectangulartubes,wlich failed by buckling,were in rea-
sonablygood agreementwith the computedshear-buckling
resistanceof the sides, consideredas flat panels with
simply supportededges.

7. The values of modulus of failure computedfor the
streamlinetubes,which also failed’bybuckling,were ap-
proximatelythe same as computedfor a circumscribedcir-
cular tube having the same l“engthand thickness. This
computationprocedurewas suggestadfrom observationsmade
regardingthe torsionalstrength of cylindersof elliptfic
section,but needs furtherproof of its general applica-
bility to streamlinetubes.

AluminumResearch Laboratories-,
Aluminum Companyof America,

New Kensington,Pa., November2, 1942.

(

i

I
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Section
(no~ineldimensions)

Bar,3/4by3/4in.

Rectengule.rtubing (~-568
l;by Pfg by 0.065ID.

Stremliuetubing(Z15@
j~t~l;<by0.065in.

!CAEiXI

N3CIIA171CAIIPROPERTIESOF 245-TALUMINUM-ALLOYW ANDmRTG

Yield
:treng$h
offset=
).2 percenlj

UQ!Q

49,200

46,0CQ

57,700

51,600

p+,mo

5$,300

Tension

Gltimate
etrmgth

Qk!l_Q

71,200

66,goo

72,000

72,300

74,10’3

73,UM

longation
in 2 in.
percent)

20.5
b21.1
316.7

M.5°

U1.(1
.;

“18.5

to
Yield
trength.’
offset=O.2
percent) .

WQz?+J

45,300

39,,goo

48,300

p,ooo

“’46,00G.... .,
,!

‘46,500 ‘

ression

Ultka%e
etrezgt.h

X?L3-Q

.--——--

.. —-—

7g,loo

51cqo

42,500

Sh(

. Yield
etrength

liY/sqin.]

24,6ci

“23,0cQ.:

2g, mo

.,

27’,300

’27,&o

27,$0

‘Ad imated.
,.. .

Yield strengthin shesr= 0.5 X yield stredgthin tension. .

R,a

Ultimate strengthin shew .0.65 x ult@ate,strength in tensicm. ‘“ ~

?Uongation inh.

~ield strengthvelue determined
All other coqressive v6kes

. ,.

htima$e
Itrength
U.%&?J

46,300

43,453

47;000-’

4g,loo ,

k7,500

... ::

,- . .
,:, ,.. ,.

from test of ‘~ecimericut“fromtube,using iidgl.e-thiehessnethod.
for &Ag xc ‘frm *3$8 .-f full SGctiafi.,5 ‘iii. lmig.

;, 1



COMPARISONOF M3ASOlM“ AND 00H?uTEDTWISTS MB SEEARINGSTRZSSESFOR 245-TALUMIXZTi-AUOYBAR AND TUIN3TG

Section

(nominaldimensions)

I

lb, 3/4 by 1* in.

Bar, 3/4 by 3/4 in.

Square tubing,1$ by l;
by l/g in.

Rectan@.ar tubing (T-568),
l+by 5/s by 0.065 in.

Streamlinetubing (T-15g),
3+bY1+Gwo.065 h.

!orque ,a
(lb-in.)

g66

304g

12U3

4+377

1475

4p8

Twist
(deg ]

!!eaeurei

0.61

.31

.41

-39

.49

.27
-

‘%aximum torqyesfor stressmeasurements.

in.)
Omput d

0.56

.31

.41

.42

.49

.29

Measuredtwist
computedtwist

1.09

1.00

1.00

.93

1.00

.93

Shear stressb

(lb/se
[easuret

14,900

14,700

13,700

20,500

17,400

15,200

,n.)
~omputet

14,400

14,600

14,ccfo

19,500

16,200

15,200

[eaeuredstress
mmputed stress

~
1.00” .

?Gocations consideredaxe the s~e a, those for which torque-stresscurves ere shown in figs. 2 to 7.
Computed streseesfor tubingsirefor outside surfaces.
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TORSIOXAL STE!ZTGT5OF

Secticnl
(nominal”dimensions)

Bar, 3/8 by 1+ ‘la,

Bar, 3/4,<”14 +.

Bar, 3/4 by 314 in. .
,,

k, O. ~39-in~di.~eief“rovnd
from 3/4 by-3/4 in.

. .

Sqyere tubing,l+ ‘b;l+
by.:1/8..+- .

!.

Retiangularlqab,ing(T-566),
l+ by 5/g %Y,O.“065in.

... ... .
Streemlinktutitng“(T:15i),
3~ by l:G bY 0.065 h.

]etween
gTi~8

(in.)

16.

16

16

16

12
36

1,2
36

12
36

W Hi

24S-!7 AJJ’UUNX-AUIOY BAR AM) TOBIXG

—

~st~ted

first

yieldin&

(lb-in.)

WQo

4006

?aoo

3.390

——

~?—
1700
.:

G

corresponding
coEputad.
shear
stress

(lb/sqiri. )

23,2CQ

19,100

23,000

17,joo

------
20,000

U3,700

-——
12,700

Ultimate
torque
(lb-in.)

6,720

C14,400

5,6w

4,390

11,950
11,76-0

3,00Q
- 2,9W

7,2EJ7
7,265

Corresponding
modtiusof

failureb
(lb/sqin.)

Ill,700

69,OQo

65,k20

55,400

,39,200
3~,600

f

2a, o
27, 00

a, 00
21,300

!l?ype
of

failure

Pmc~e

kge twst

Traoture

Fracture

Fracture
q~~~~~

Buckling
Buckling

Ihv21ding
Euckling

%st@.ated frdn torque-twistsurves in ~ig5. 2 to j’. Value for round bar correspondsto
proport@wil limit‘indicatedon shear st~ess-strak surve not shown.

%elues IJhkiuedby aubstitu~ing.uit~te tor~es in equations(2) smd (4).

cCapacityof torsionmmhine; not ~ficient to produce frac~e Of specimen.

.,,, L > 4>
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TABLE IV

COMPARISONOF 03SERVEDAND COMPUTEDULTIMATE

TORQUESFOR 24s-T ALUMINUM-ALLOYBAR

3/8 by 1+ ino

3/4 by l+ in.
●

3/4 by 3/4 in.

0.739-in.diam.
L —-——. —---

1
——

Observed Computeda

.--—.— - ————

6,720 8,190
b14,400 18,400

5,688 6,550

4,390 4,960

—

Observed
Computed

0.82

*---

.87

.88
.L————

aBased on estimatedultimate shear strengthsgiven in
table I, assuminga uniform stress distribution.

bCapacityof torsionmachine; not sufficientto produce
failure.
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I?igurelb-Metiodofgrippingstreamlinetubein torsionmachine.



Till
Average mwmred

04etrega lb EXIin.
IL7
14,aoo
14,Em
14,8(XI
16,100
14,600
14,mY
la,4W
10,OW

-1--u-A
Comruted -.. /

Y
/

/ /
/

/

/

/

/ {

//
I
I

c la
“ tiiet,de~fin.

M
J .

1

/

If

1.0 a.o -5 lo;llim- ao,mo 30,000
8treBe, lb/mq in. fhkmire with - %“)

TOrEiOn-t&3t data for a4&T aluainum-elloy rectangular bu, ?@ by 1-1/2inehm. The iverage meammd atreawa ~
tab%%deci?- the av~asasof diawti tan~ile UYJ oomweseive StreB@e@ me-m~ on orwuite uidee of M for S*orWe of e~ ~

pouml-inahee~a owted shear strem at oenter of long side, 14,400 pindn per square inahj gage length,10 inohen.
cwwpoMklg fOrM%mosuranmts

to



1.8
z

moo - ●

-

i

Km /
/ E

~
:

~

‘#mO

/ i

I
lJOm’@rted-----.4

0000

i 5000
/

$
//
I‘PL

rqarl~d 1/4 inoh.

i
f

3000
AVOr~e Wm.eurad on w-- -. .-
Iinem 4-6 and 10-11

4
/

a-4 13,300
3-5 14,000
4-6 14,ml

am) ‘
l(wl 14,TO0
.5-7 M,400
93 lS,KIO

/

7-0 10,000
&14 8,WN
13-15 10,800

1m
14-16 9,6W

~
a

o
0 10,CU) go,m 30,UJ0

r)treaa, lbf~qin. w:fi~e~g 73 “

Figaro 3.- ~o~sion-t~atdata for aM-T dUWE-dlOY reotanauhr bu, 3/4 by 1-1/2imhM. m -Or- =~~ •~reo~~A *he ~~
of di@mel tewile ar91

Y
reSBIW stressan ■aamured on opposite aidm of b- for ● *orque Of ~ m-ifie- ;A~Wt.~

Bheu stress at oenter of low sbie, 1 ,600 pdm Wr W4We Inuh; gw lCWh ,A10 inahe~.
cci-reqwndmg

fortwj5tnwwramarts
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4000 2.0 a.4 2.8

3s00

/ -

/
moo

/ #
.Computed---- J

I Locationof lfa-inchgage lines,overlapped
// ~ l/4 inoh.

moo /
/

i Ic
~
~

2000..
~ m
h /

t
,

Computed~~-1 Averagemeaeured
1500 1

/
5

i1000

f Averagemewmre~ongage
‘--lines2-4 and 6-7

F

o 10,000 20,000 30,000
Stress,lb/aqin. (Measure Nifh ~~).

Twist,degfin.

lM.gure.4.-Toroion-teBtdata for 248-T
cweaveragesof diagonal temsile

pound-inohea;Aoomputedshear stremsat
correwnding

aluminum-alloysquarebar, 3/4 by 3/4 inoh. Theaverage measuredBtreawtabukted
and compressivestresses measuredon oppaaite sides of bar fora torque of 1218
oenterof Bides,14,000poundsper squareinoh;gage length,10 lnohes.

for twist medsuremenfs
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9ax

flow

7LMC

Ox

.qW?x
~

~,mo

2..

W.M

aced

low

o

l.a
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/ ‘

#
I
// yf

h[

/
‘---oOmputad

PL.- -

/ (
1)

%

/
~ :ine

a>

z

It%
a-lo
‘7-11
a-la
9-13

ATmWE n’3r+ouxti

(34st?mn lb sq in. —
id, ?
19,arx
2&>~” —

ao:,qoo
ao,m —
ao,600
20,300
19,5CQ —
la,9cKl

1.4 1.6 1.8 a,o a.a
— -

~ —
/ —

/ - ~

I t-
1.240~

I
+

I J
Loomtion of lfi!-in. EWO linem, .$V J
OVOrl.WPti l/8 inoh,

/ /

Oom’pntOm.. .-
m.rmn

---Outmide

{i ‘

/ i

/, ~,

It

----Aver- melltlrti On w
lines d-9 and 14-M,

/ ~

I /
II

b 10,OW ao,lmo N*OW
Strom,lbfsq in. (Measure wi+h %)

~rigtwe 6.- “Torkion-teat d~tm for MfkT aluminum-alloy square tubing, 1-1/4 by 1-1/4 by 1/6 inoh. TbD werage ~arurad strenscs tattdchd
.

at% averagcaof diagonal tensile and campresoive Streamoa ❑weumd on o
r

alto ●idee of tube for ● tor!qua of 427? pnund-inohrn;
corrr~~ aomputad mea @hear atreea, 16 ,0@3 @rKIO Per awe inoh;mmPu~MI out●Ida s ear ●tram, 19, SCfJlb/sQ in.; gwwleI@h,A32 inahm.

fu fwt Mmuranenfs
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.- Toralon-teat dat~ for248-Taluminu-alloyreotangukrtubing,l-lja%Y 6/8by 1/16inoh.Theaveragemeaiiuzed8trea8es

m

k&%%dea!e theavemga$of diagonaltenoile endcompressivestresses rneaauredon opposite ●ides of tubefora torqueof 1475 poti-
inohes;Aoomputedmea Bhe= atresa,14,000poundsper zquareinoh;oomputedoutsideshearStrees,16,200lb/aqin.; sagele@h,A3a in.

for IwJ.t m809ur8men*s
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Twlat,deg/in.

boat ion of lf2_in. gage linen, I (?-1P)
overlappd 1/4 inah.

,(1

Oomputedl
mom ----- ‘-OU t nide

1~

y

II

%% %&w
14:BIYJ
ls,am
14,tim3
14,600
14,800
14,900
15,200
M,(Y3O
14,Klo
14,800
ls,400
14,300
14,aoo 1

II I I ! ,
. .Avere@ mewed on gage

11U98 8-1o ad 6R-1OR.

lo,cmo ao Ccx3 m,ooo
atmae, iwllri in. (i?lwre with “%)

e 7.- ?oraion-teat data far 249-T aluminum-alloy streamline tubing, %1/8 by 1-3/16 by 1/16 inoh. The ●ver
tab%% are the avera@Of diaaqti te~ile ~ cO=pZeaaive streeaes mo@ed On Hme aide of tu~ fOr m tOrw o 4738 w~-bhas;

y mmaumd flt,e,ws

corrcspmc%g oomputod memoshear atreno, 14,0W Punds ptr ewe lnoh;comwted outside sham tireso, 15,300 lb/sq in.; aasa lewth,n S2 inolw.
for MSt lluawi-umnt~
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(a) 0.739-inchdiameter. (b) 3/4by 3/4 inch.

(c) 3/8 byl~ inches. (d) 3/4by 1~ Inches.

Figure8.- Specimensof 24S-Taluminum-alloybar aftertoxai.onteats.
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(a) l; by 1~ by 1/8 inch.

Figwe 9.- “~pecimensof

(b) 1* by 5/8 by 1/16 inch ‘ (c) 3~ by 1* by 1/16inch

243-Taluminum-alloytubingaftertorsiontests.
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